ABSTRACT: Tidal rips and jets are common features associated with archipelagos and complex coastlines. In habitats where rips and jets develop, energy flow to piscivorous predators is hypothesized to be strongly associated with tidal phase due to interactions between currents, plankton, and schooling planktivorous fishes (the 'tidal coupling hypothesis'). This study tests 1 component of the tidal coupling hypothesis, that the feeding activity of piscivorous predators and the availability of planktivorous fishes are both strongly associated with the same tidal phase. During 1994 to 1997, I made visual counts of actively feeding, mixed-species seabird flocks and hydroacoustic measurements of the relative abundance and distribution of schooling fishes. Median feeding activity, median backscatter m -1 transect, and median prey encounter probabilities were greatest during the tidal periods Slow flood 1 and Fast flood. Positive feeding anomalies and positive prey-encounter anomalies were significantly associated with tidal flood phases, but positive backscatter anomalies were not. The results support the tidal-coupling hypothesis, but suggest that changes in the distribution or behavior of schooling fish are as important as, if not more important than, changes in relative fish abundance when determining prey availability and predator foraging-success. The data show that tidal currents can play an important role in structuring nearshore predator-prey interactions.
INTRODUCTION
Tidal rips and jets are common physical features of archipelagos and complex coastlines. These features form when tidal currents flow past headlands, promontories, or steep-sided channels. Several authors have put forward the hypothesis that in habitats where rips and jets are present, energy flow to piscivorous predators is strongly associated with tidal phase (e.g. Uda & Ishino 1958 , Brown 1980 , Johannes 1981 , Wolanski & Hamner 1988 , review in Hunt et al. 1999 , Zamon 2001 ; hereafter this will be referred to as 'tidal-coupling hypothesis'. The mechanism is thought to operate as follows: current -coastline interactions create temporally and spatially predictable rips and jets, which create predictable changes in zooplankton distribution, abundance, or delivery rate. Planktivorous fishes then aggregate to feed in times or places with increased plankton densities or plankton delivery rates. In turn, these feeding aggregations of fishes attract piscivorous predators. Therefore, feeding activity in piscivorous predators is predicted to be strongly coupled to the daily tidal cycle (Wolanski & Hamner 1988) . However, no published studies have explicitly and quantitatively examined tidal variation in all 3 trophic links.
This study tested the tidal-coupling hypothesis by breaking it into the component trophic interactions. I sought to answer the following questions: (1) Do pisci-vorous predators show tidal changes in feeding activity? (2) Do planktivorous schooling fishes show tidal changes in distribution or abundance that significantly alter their availability to predators? (3) Do plankton eaten by planktivorous fishes show tidal changes in distribution or abundance that significantly alter their availability to planktivorous fishes? To answer Questions 1 and 2, I collected and analyzed data on (1) tidal variation in counts of mixed-species seabird flocks that were feeding upon juvenile Pacific herring Clupea harengus and juvenile Pacific sandlance Ammodytes hexapterus, and (2) tidal variation in the distribution and relative abundance of fish schools as measured with hydroacoustics. The analyses of tidal variation in copepod abundance relevant to the third question have been presented in a separate publication (Zamon 2002) .
MATERIALS AND METHODS
Study site. I chose to work in the San Juan Islands, Washington State, USA, because this archipelago is known for its complex topography, strong tidal currents, and abundant marine life. The San Juan Islands are located between eastern Juan de Fuca Strait and southern Georgia Strait (Fig. 1) . The archipelago is part of a larger complex including the Gulf Islands of British Columbia, Canada. These islands experience semidiurnal, unequal tides, with flood currents moving approximately northward through the archipelago and ebb currents moving approximately southward. During summer, large numbers of seabirds, marine mammals, and fishes occur in the nearshore waters of this archipelago (Lewis & Sharpe 1987) . Many of these animals are believed to feed primarily in areas of strong tidal currents (Lewis & Sharpe 1987 , Zamon 2001 . Cattle Pass, the channel between southern San Juan and Lopez Islands, was chosen as a focal study site. This channel is typical of many channels in the San Juan Islands/Gulf Islands region: it is narrow (0.7 km across at its greatest constriction), has steep sides (dropping 100 m in depth over horizontal distances of 10 to 20 m), and experiences strong surface currents (up to > 3 m s -1 in surface jets: J. E. Zamon unpubl. data). The area is known to local naturalists as often containing large aggregations of piscivorous seabirds (Lewis & Sharpe 1987) .
Operational definition of a feeding flock. Counts of mixed-species feeding aggregations, composed primarily of seabirds, provided a direct measure of apex predator feeding activity on planktivorous fishes. Actively feeding flocks are easily distinguished by sight or sound from non-feeding groups of birds. I defined an actively feeding flock as 5 or more seabirds aggregated over a visually well-defined and typically in degrees north and west, respectively. Land-based observation point is indicated by black arrow circular area on the surface of the water. Most birds in this area were within < 2 body lengths of each other. Birds in an active feeding flock were also vocalizing, plunging, dipping, or diving, whereas birds in a resting or inactive flock were silent, resting and drifting on the water's surface (Fig. 2) . In the San Juan Islands, I have only seen mixed-species flocks when seabirds are feeding upon schooling forage fishes (Pacific herring or Pacific sandlance) or upon bits of fish flesh associated with harbor seals consuming adult salmon (Oncorhynchus spp.). Flocks associated with sealsalmon interactions can be distinguished from flocks associated with forage fishes (see Zamon 2001 for details and separate analyses of these types of flocks). Because flocks associated with seal-salmon interactions are not directly associated with forage fishes, they were not included in this analysis. Feeding-flock activity: aerial counts. As part of a pilot study in 1994, I counted feeding flock abundance during aerial surveys of the whole San Juan archipelago. Counts of flocks were made from a seaplane flying approximately 150 to 200 m above sea level. Flight speeds were approximately 100 km h -1 over a 50 min flight. Seaplane surveys were not observed to have any effect on flock behavior (e.g. causing flushing or diving behaviors), probably because birds are habituated to frequent small-plane traffic in the area. The same route around and between the islands was flown during maximum flood and maximum ebb currents on each of 3 survey days (Fig. 3) . Flocks were also counted on 4 additional maximum flood tides. Flock positions were recorded on a nautical chart of the region. Comparisons between flood and ebb flock-counts were made with an unpaired signtest to determine whether or not the number of feeding flocks differed between tides.
Feeding-flock activity: land-based counts. Landbased observations of seabird feeding activity were made during June through September of 1994 to 1997. I made observations from a lookout on the SE tip of San Juan Island, approximately 7 m above sea level (Cattle Pass area; 48°28.7' N, 122°57.1' W, Fig. 1 ). I used 8 × 24 power binoculars to continuously scan 8 unequal-sized spatial sectors covering a total area of approximately 5.5 km 2 of sea surface (Fig. 1) . Sector boundaries coincided with prominent fixed landmarks such as rocks, trees, or houses. I used a software package to predict current velocities a priori, and then to select 30 min long sampling periods covering all possible tidal-phase and time-of-day combinations (Nautical Software 1996) . I used scan-sampling techniques to count feeding flocks occurring in each 30 min observation period (Altmann 1974) . I recorded the time at which each flock was first seen. When possible, I also counted and identified the species of all individuals in a flock. Each 30 min observation period was assigned to a tidal-phase category based on predicted current velocities (Table 1) sensu Braune & Gaskin (1982) . If current velocities within an observation period changed from one category to another, then that observation was assigned to a category based on the current velocity at the beginning of the period. Observation periods in which visibility became reduced in any sector (e.g. due to fog or rough seas) were excluded from the analysis.
Variation in feeding activity could be affected by events occurring at timescales other than that of a tidal cycle (e.g. day-to-day, fortnightly, seasonal, or interannual scales). To minimize the variation contributed by non-tidal signals, all counts of feeding flocks were coded as either greater than, equal to, or less than the median count for the day on which the observations took place. Hereafter, I refer to counts greater than the daily median as 'positive feeding anomalies' and counts less than the daily median as 'negative feeding anomalies'. Although the raw data are also reported in this manuscript, only anomaly data were used in the statistical analysis of tidal variation.
To determine whether feeding anomalies were significantly associated with tidal phase, I used a chisquare goodness-of-fit test (2-way median test) to examine the null hypothesis that there was no association between feeding anomalies and tidal phase (Sokal & Rolf 1995) . A goodness-of-fit test was chosen over parametric techniques because raw-count data were not normally distributed, sample sizes among categories were unbalanced, and because 18.1 to 53.4% of the raw counts within a tide category were zero counts. Observations were classified within an 8 × 2 contingency table where the 2 factors were tidal phase (8 classes: Table 1 ) and feeding activity (2 classes: negative feeding anomalies, positive feeding anomalies). Counts equal to daily medians were excluded from the goodness-of-fit analysis because they provide no statistical information about variability among tidal phases.
Interpretation of temporal patterns in seabird feeding was possibly complicated by the behavior of rhinoceros auklets Cerorhinca monocerata, diving piscivorous seabirds which breed at this time of year. Breeding rhinoceros auklets feed their nestlings only after sunset (Wilson & Manuwal 1986) , and auklets might therefore be expected to increase foraging activity in the late afternoon and evening. Any significant increase in auklet feeding activity could in turn increase the number of feeding flocks counted in the afternoon and evening because auklet hunting behavior can increase forage-fish availability to other birds (see Grover & Olla 1983) . Furthermore, because flood tides occur more often in the afternoon and evening during summer (χ 2 = 122.3, df = 21, p < 0.0001; see Zamon 2001), an evening peak in auklet activity could cause an apparent tidal pattern in the frequency of feeding flocks, i.e. more feeding flocks during flood tides.
While a direct determination of whether or not auklets increase their feeding activity in the evening was not possible, it was possible to test for a significant association of feeding anomalies with time of day while holding tidal phase constant for flood tides. For this analysis, I used an 8 × 2 goodness-of-fit test to compare feeding anomalies versus time of day for data during the flood tides only (n = 225). Observations were assigned to one of seven 2 h segment categories (before 08:00 h, 08:00 to 09:59 h,…,18:00 to 19:59 h). Although positive feeding anomalies had a tendency to occur more often than expected between 18:00 and 19:59 h (observed positive anomalies = 32, expected positive anomalies = 24.2), this did not result in a strongly significant association of feeding activity with time of day (χ 2 = 11.35, df = 6, p = 0.078). Given the relatively large sample sizes in each time of day category (Table 2) , I interpreted the p-value of 0.078 to mean that diel patterns in auklet foraging behavior did not significantly confound the interpretation of temporal patterns in this study.
Prey availability. During July through September of 1995 to 1996 and July through August of 1997, hydroacoustic equipment was available to measure relative fish abundance in the area where feeding-activity was being observed. Data were collected with a downward-facing, BioSonics DT4000 single-beam digital echosounder along 2 cross-channel transects, HR and HP (Fig. 1 ). I used a 6°beamwidth, 120 kHz transducer, appropriate for measuring relative abundance of forage-fishes (Horne & Clay 1998) . This frequency has Table 1 . Classification of tidal velocities: positive velocities represent flood currents, negative velocities ebb currents. Categories from Braune & Gaskin (1982) been used to survey young-of-the-year (YOY) herring and sandlance biomass in Alaska (Thomas et al. 2002) . The transducer was deployed slightly aft of amidships on the starboard side, 0.3 to 0.6 m below the sea surface on a fixed-mount pipe attached to the research vessel (a 4 m Boston whaler). In this position, the transducer was kept away from bow and stern bubbles generated as the vessel moved through the water. Data were collected at 2 pings s -1 from ranges greater than 2 m from the transducer face. The noise threshold was set to -70 dB. Average speed-over-ground during data collection was 3 m s -1 . Time of day and latitudelongitude positions from a global positioning unit were recorded onto a laptop computer simultaneously with acoustic data for later processing and analysis. The speed and distance traveled along each transect were calculated from latitude and longitude data associated with each data file. It took between 8 and 10 min to complete 1 transect. The majority of transects were surveyed at the same time that bird observations were being made.
Each completed transect was considered an independent sampling unit. Acoustic data were processed into 20-ping horizontal reports (~30 m resolution) and 1 m depth strata with the software Visual Analyzer v3.1 (BioSonics 1998). While the vessel was underway, visual examination of sea-surface features and echograms revealed that the transducer occasionally crossed a bubble cloud generated by vortices shed from the channel walls (see Farmer et al. 1995) , from diving birds (J. E. Zamon pers. obs.), or from boat wakes (J. E. Zamon pers. obs.). The times or ping numbers of these events were noted in the transect logbook, and backscatter from these bubble clouds was removed from the data matrix before analysis. As is customary with acoustic signals which vary over several orders of magnitude, acoustic backscatter data were transformed from the logarithmic units (dB) reported by the sounder into the linear domain (σ bs ) for all analyses (see Medwin & Clay 1998) . Transect data were processed between fixed east and west endpoints of the transect, although transects varied slightly in absolute length due to the difficulty of navigating along precisely the same transect line under varying current and vessel-traffic conditions. To account for any inequality in transect lengths, backscattering data were normalized as backscattering (σ bs ) per horizontal meter of transect before analysis.
Echograms indicated that echoes from pelagic fish schools, and not from large individual fishes, were the primary source of backscatter (Fig. 4) . I assumed that acoustic backscatter was dominated by, and proportional to, the relative abundance of herring and sandlance in the water column. Several lines of direct and indirect evidence support the assumption that herring and sandlance, and not other species, were the dominant source of sound scatter in the study area: First, pelagic summer fish assemblages in the San Juan region are dominated by YOY herring and sandlance (Fresh 1979) . Other schooling species are found in the area, including the 3-spined stickleback Gasterosteus aculeatus, surf smelt Hypomesus pretiosus, longfin smelt Spirinchus thaleichthys, Pacific tom cod Microgadus proximus, and yellow shiner perch Cymatogaster aggregata. However, these species are 2 to 3 orders of magnitude less abundant than herring and sandlance (Fresh 1979; and present Table 3 ). More recently, trawl samples in northern Skagit Bay/Deception Pass, a site 27 km to the east with similar physical characteristics to the Cattle Pass area, also showed that YOY herring and sandlance dominated summer pelagic catches in 2001 and 2002 (C. Rice, NOAA Fisheries, unpubl. data). Second, dip-net samples taken directly from 32 actively feeding flocks (of the 2134 flocks seen in total) caught only YOY herring and sandlance (Zamon 2001) . The size ranges of fishes captured with dip nets were similar to those reported by Fresh (1979) sandlance on the video. Disoriented euphausiids were never seen on the video, near the surface, or caught in plankton nets, as has been the case in other studies where euphausiids in high-current environments were the major source of backscatter (e.g. Vermeer et al. 1987 , Coyle et al. 1992 . Finally, acoustic targets at depth moved very quickly out of the acoustic beam and away from sash weights or other objects (such as conductivity-temperature-depth probes or plankton nets) dropped towards them from the water's surface. Such avoidance behavior indicates that the targets are small fishes, as it is extremely unlikely that euphausiids, copepod aggregations, bubbles, sediment, or detritus would react to falling objects in this manner. I analyzed 4 different measures of prey availability to feeding flocks: total backscatter (σ bs ) m -1 of transect, integrated over all depths; total backscatter m -1 transect, integrated in the top 10 depth strata only (depths approximately 2 to 12 m); encounter probability, integrated overall depths; and encounter probability in the top 10 depth strata only. Total backscatter was used as a measure of relative fish biomass in the water column. I chose to include a separate analysis of the top 10 depth strata because rhinoceros auklets -a diving predator observed with 90% of feeding flocks -spend 90% of their dive time in the top 10 m even though they are able to dive to depths of 60 m (Burger et al. 1993) . Therefore, changes in fish biomass or encounter probabilities below 10 m may not have a large effect on prey availability to mixed-species flocks. I chose encounter probability as an alternative measure of prey availability because predators with incomplete information about prey distributions are more likely to estimate encounter proba- Zamon et al. 1996) . I define 'encounter probability' as the proportion of 1-report-by-1-stratum bins (~30 m × 1 m) containing non-zero backscattering values. For example, a transect containing 50 horizontal reports and 10 depth strata would have 500 bins; if 250 of those bins contained non-zero backscattering values, the encounter probability would be 0.5, or 50%. Although gulls are not likely to reach fishes deeper than 1 to 2 m during surface feeding or plunging, 9 out of 10 summer feeding flocks also included rhinoceros auklets, a diving predator (Table 4) . Subsurface fishes can be made available to gulls by these auklets when the latter chase fishes to the surface and trap them there (e.g. Hoffman et al. 1981 , Grover & Olla 1983 . In addition, gulls are capable of tracking subsurface schools even though they may not be able to reach them; this phenomenon also occurs in the eastern tropical Pacific, where surface-feeding seabirds successfully follow diving predators and forage fishes as they move over large areas (e.g. Au & Pitman 1986).
Goodness-of-fit analyses of the different prey availability measures were entirely analogous to those described for feeding flocks: transects were classified within an 8 × 2 contingency table where the 2 factors were tidal phase (8 classes: Table 1 ) and prey availability (2 classes: negative prey anomalies, positive prey anomalies). However, because each measure of prey availability was not statistically independent of other measures, p-values from individual goodness-of-fit tests were arranged in the order from smallest to largest, and a sequential Dunn-2idák correction was applied to obtain a comparison-wide α = 0.05. These corrected comparisons were then examined to determine whether any prey availability anomaly was significantly associated with tidal phase (Sokal & Rohlf 1995) .
RESULTS

Feeding-flock activity: aerial counts
Although sample sizes were limited by the number of seaplane surveys available, feeding activity in the San Juan archipelago was greater during the flood tide (mean = 48.7 flocks) than during the ebb tide (mean = 16.3 flocks). Significantly more flocks were present in the archipelago during the maximum flood current than during the maximum ebb current in 1994 (Table 5 ; sign-test, p < 0.01).
Feeding flock activity: land-based counts
Between 1994 and 1997, 726 thirty min periods were sampled. A total of 2134 flock feeding events were counted. Feeding activity varied between 0 and 47 flocks per 30 min. Accurate counts of entire flocks were available from 60 flocks occurring within 100 m of the land-based observation site. Based on these 60 flocks, mean flock size was 47.5 individuals. Glaucous-winged gulls, Heermann's gulls, and rhinoceros auklets were the dominant predators, accounting for 80% or more of summer flock membership (Table 4) . The distribution of raw count data among tidal categories (flocks per 30 min observation period) is shown in Fig. 5 . Median counts were highest (3 flocks per 30 min) during Slow flood 1 and Fast flood.
The goodness-of-fit test showed that feeding anomalies were significantly associated with tidal phase (Table 6 : χ 2 = 28.3, df = 7, p < 0.001). More positive anomalies than expected were observed during Slow flood 1 and Fast flood; fewer positive anomalies than expected were observed during Fast ebb and Slow ebb 2 (Fig. 6 ). for HR) or Fast flood phases (all depths = 4.3 × 10 -6 for HR; 7.8 × 10 -6 for HP; 2 to 12 m = 3.0 × 10 -6 for HP). Results from the goodness-of-fit tests for prey availability anomalies vs tidal phase are presented in Tables 7 to 10 . Backscatter anomalies were not strongly associated with tidal phase on either transect, whereas encounter anomalies were significantly associated with tidal phase on both transects (Table 11) . More positive encounter anomalies than expected occurred during Fast flood. Fewer positive encounter anomalies than expected occurred during Slow ebb 1 and Slow ebb 2 (Fig. 8) .
Prey availability
DISCUSSION
The association of positive feeding anomalies with flood tides supports the idea that piscivorous feedingactivity is coupled to tidal cycles. The association of positive prey encounter anomalies with flood tides further supports the idea that this increase in feeding activity is related to increased fish availability. However, it is important to note that while positive encounter anomalies exhibited significant association with the flood tide, positive backscatter anomalies did not. These results imply that, during flood tides, fishes Table 1 for classification of tidal velocities). Null hypothesis of no association of feeding anomaly with tidal phase was rejected (χ 2 = 28.3, df = 7, p < 0.001) Fig. 5 . Numbers of feeding flocks as a function of tidal phase, raw data; data from all years pooled. Numbers within bars indicate median counts for individual tide categories. Counts > 75th percentile + [1.5 × (value of 75th percentile -value of 25th percentile)] were considered outliers; these were included in analysis but are not plotted on this graph. Tidal phases and velocities classified as in Table 1 become more dispersed in the water column, but not necessarily more abundant. Therefore, changes in fish abundance alone may not be driving food availability to fish predators, as originally implied in the tidal-coupling hypothesis. The data suggest that fish distribution or behavior also affects their availability to predators. In Cattle Pass, the most likely cause of fishes dispersing into the water column is a feeding response. Sandlance schools are known to become relatively stationary and increase nearest-neighbor distances when they feed on plankton (Robards et al. 1999 and references therein). Copepods, the primary prey of juvenile herring and sandlance, are significantly more abundant in Cattle Pass during flood tides than during ebb tides (Zamon 2002) . The association of flooding tidal currents with increased copepod abundance could therefore cause increased feeding activity of planktivores during the flood. This type of behavioral response has been qualitatively described for mixed schools of herring and sandlance in Alaska (Hobson 1986) .
Feeding responses of planktivorous fishes to changing currents are often reported in the literature on reef fishes (e.g. Bray 1981, Kingsford & MacDiarmid 1988 , Kingsford et al. 1991 , Noda et al. 1992 , Shapiro & Genin 1993 , Anderson & Sabado 1995 , but infrequently studied in non-reef species (for an exception, see Simard et al. 2002) . Although it was not possible to quantify fish-feeding behavior directly, evidence indicated that fishes were actively feeding in Cattle Pass. A study of gut contents revealed that patterns of sandlance gut-fullness were consistent with daytime feeding on plankton in the Cattle Pass area (O'Reilly 1997) . Two underwater camera deployments passing near fish schools clearly showed fishes orienting into the current, performing C-start behaviors, and biting actively. Similar feeding behavior was observed in near-surface schools of both herring and sandlance seen from the boat when the boat was drifting without the motor running.
Actively feeding fishes are also likely to be more vulnerable to visual predators than non-feeding fishes. C-start postures associated with feeding strikes of sandlance are known to cause a silvery flash visible many fish body-lengths away (Denton & Rowe 1994) . These flashes may make fishes easier for a predator to detect. The effect of fishes feeding behavior on visibility or vulnerability to seabird predators has not been studied, although the 'silvery flash' is a visual cue exploited by sport and commercial fishermen when Table 9 . Contingency table for encounter probability anomaly versus tidal phase, all depths. Null hypothesis of no association of encounter probability anomaly with tidal phase was rejected after Dunn-2idák corrections for non-independent comparisons (HR transect: χ 2 = 26.3, df = 7, p < 0.001; HP transect: χ 2 = 22.6, df = 7, p = 0.002) hand et al. 1999) . Inside Cattle Pass, neither the water column nor plankton densities were strongly stratified during this study (temperature and salinity between 10-12°C and 30-31 psu, respectively; plankton densities statistically homogeneous with depth: see Zamon 2002) . It is also unlikely that strong currents were directly 'mixing' disoriented fishes throughout the water column, because during 4 yr of study, disoriented, injured, or dead fishes were never observed near the surface or trapped within vortices, even during maximal currents (J. E. Zamon pers. obs.). It is possible that fishes changed their distribution to seek out preferred current velocities or other flow structures, independent of any feeding response. However, if that were the case, then one would have expected to see similar encounter probabilities on both flood and ebb tides; this was only the case for surface encounters during fast ebb on Transect HP (Fig. 7) . To fully understand the mechanisms driving the observed tidal patterns in fish distribution, the links among field observations of school dispersion, vulnerability to predation, fish feeding behavior, and current-velocity structure need further study.
General importance of tidal-coupling
Studies of marine birds and mammals have shown that individual predators actively track tidal phase and also exhibit foraging-site fidelity to tide rips, jets, and areas of complex bathymetry (e.g. Braune & Gaskin 1982 , Irons 1998 , Raum-Suryan & Harvey 1998 . Although the observations presented here were limited to the San Juan Islands, the congruence of positive predator feeding anomalies and positive prey-availability anomalies provides an explanation of why individual predators show tidal patterns in their foraging behavior: prey availability is significantly associated with tidal phase. Furthermore, planktivorous schooling fishes -such as herring and sandlance in this study -are keystone species linking zooplankton production to upper trophic levels in many regions of the world's oceans. Anecdotal and quantitative evidence of important tidal-coupling between piscivores and their fish prey can be found in the literature on tropical (e.g. Johannes 1981 , Wolanski & Hamner 1988 , temperate (e.g. Uda & Ishino 1958) and polar (e.g. Cairns & Schneider 1990) Table 10 . Contingency table for encounter probability anomaly versus tidal phase, 2 to 12 m. Null hypothesis of no association of encounter probability anomaly with tidal phase was rejected after Dunn-2idák corrections for non-independent comparisons (HR transect: χ 2 = 20.6, df = 7, p < 0.004; HP transect: χ 2 = 26.1, df = 7, p < 0.001) as in estuaries (e.g. Marchand et al. 1999 , Simard & Lavoie 1999 , Simard et al. 2002 . Tidal channels, rips, and jets are often historically important feeding grounds and trophic 'hot spots' for marine predators (e.g. Lewis & Sharpe 1987 , Simard et al. 2002 . These locations also have special significance as foraging habitats for breeding (Wilson & Manuwal 1986 , Wahl & Speich 1994 and this study) and migratory (Braune & Gaskin 1982 and this study) marine birds. Therefore, tidal-coupling across plankton → planktivorous-fishes → fish-predator linkages is likely to be an important general mechanism structuring nearshore marine predator-prey interactions and food web dynamics. 
